To establish the relative radio-sensitivity of neural stem cells we performed clonogenic survival assays on both neural stem cells, harvested from the murine SVZ (Figure1) and brain tumor stem cells derived from the murine PTEN -/-/Kras + spontaneous brain tumor model. The neural stem cells were significantly more radiosensitive than their tumor stem cell counterparts (2Gy, p=0.018) (Figure 2A ), and thus ideally should receive significantly less radiation than the tumor in order to minimize cognitive impairment while maintaining tumor control. In fact, at the clinically relevant dose of 2Gy, the brain tumor cells had nearly twice the surviving fraction as the neural stem cells (60% vs 35%).
A.
B. Further, neural stem cells contribute to learning and memory function by continual proliferation and restructuring through neuronal differentiation. Here we show that the neuronal differentiation capacity of neural stem cells that survive radiation treatment is diminished ( Figure  2B ). Since both neural stem cell death and diminished differentiation ability result from radiation treatment, and likely play a role in radiation induced cognitive decline, we examined the feasibility of neural stem cell sparing using VMAT (Figure 2 ). The stem cell compartment was defined as the lateral ventricles with a 3-5mm margin. We observed that VMAT is able to maintain good whole brain coverage, while also reducing dose to the stem cell compartment. Conventional whole brain irradiation performed using 3D techniques does not allow for any sparing of the neural stem cells, thus cognitive decline is typically associated with conventional 3D whole brain radiation therapy. IMRT has been proposed as a means of stem cell sparing (Barani et al, 2007) , however, better sparing and more conformal whole brain therapy, with the possibility of boosting the dose to large metastasis or tumors, may be possible using VMAT. We compared 3D, 7-field IMRT and VMAT for several patients receiving whole brain irradiation. VMAT provided the best neural stem cell sparing while maintaining adequate whole brain coverage with the shortest treatment delivery time. We show here that radiation at relatively low dosage (2 Gy) highly affects both survival and differentiation ability of neural stem cells. Radiation induced cognitive decline is likely due to both neural stem cell death and compromised differentiation ability. Thus, our data support the continued investigation into sparing of neural stem cells in order to provide clinical management of cognitive dysfunction. Further, in order to explore new treatment options for brain tumors in which long-term survival and treatment induced neuro-cognitive late effects are balanced, we explored the feasibility of neural stem cell sparing using VMAT. Whole brain irradiation with VMAT allows for beneficial neural stem cell sparing, although further studies are warranted to determine exactly what reduced stem cell dose levels are adequate to minimize downstream cognitive decline.
